
CHEMICAL CHARACTERIZATION OF A hvb COAL 

Kwang E. Chung, L a r r y  L. Anderson and Wendell H. Wiser 

U n i v e r s i t y  o f  Utah 
S a l t  Lake City, Utah 84112 

Department o f  M in ing  and Fuels Engineer ing 

I n t r o d u c t i o n  

Numerous phys i ca l  and chemical means are employed t o  e l u c i d a t e  the  general proper-  
t i e s  and na tu re  o f  coal (1,2,3). 
i n d i r e c t l y  i n  l i q u e f i e d  form. 
s u r p r i s i n g l y  l i m i t e d ,  p reven t ing  us f rom more e f f i c i e n t  u t i l i z a t i o n  o f  coa l  f o r  energy 
and chemicals. 

i n fo rma t ion  i s  general o r  d e s c r i p t i v e .  
scopic  means have r e s u l t e d  i n  use fu l ,  b u t  u s u a l l y  q u a l i t a t i v e  i n fo rma t ion .  
e x t r a c t i o n  has n o t  been t o o  successfu l  due t o  poor  s o l u b i l i t y  o f  coal i n  known solvents .  
In format ion from coa l -de r i ved  l i q u i d s  (CDL) has been r e l a t e d  t o  the  s t r u c t u r e  of coal  
o n l y  s u p e r f i c i a l l y .  
approaches and modern a n a l y t i c a l  means as f a r  as the  exac t  chemical na tu re  of coal i s  
concerned. 

Coal has been examined d i r e c t l y  as a s o l i d  and 
Never the less,  o u r  present  understanding o f  coa l  i s  

U l t i m a t e  and prox imate analyses a re  r o u t i n e l y  performed on coals ,  b u t  most o t h e r  
D i r e c t  examinat ion o f  coal by var ious spect ro-  

Solvents 

The complex i ty  and i n s o l u b i l i t y  o f  coal  have d e f i e d  many ingenious 

Here we r e p o r t  t h e  development o f  a s u i t a b l e  scheme f o r  c h a r a c t e r i z i n g  CDL, which 
i d e n t i f i e d  and q u a n t i f i e d  major  s t r u c t u r a l  u n i t s  i n  a h i g h  v o l a t i l e  b i tuminous coa l .  
We w i l l  descr ibe how t h i s  c h a r a c t e r i z a t i o n  scheme f o r  CDL was formulated,  and d iscuss 
t h e  p repara t i on  and c h a r a c t e r i z a t i o n  o f  t h ree  CDL's. 
t o  t h e  chemical s t r u c t u r e  o f  t h e  p a r t i c u l a r  coal  we examined. 

Our f i n d i n g s  w i l l  then be r e l a t e d  

Charac te r i za t i on  Scheme f o r  CDL 

Since a complete ana lys i s  o f  CDL i s  i m p r a c t i c a l ,  if n o t  impossib le ,  due t o  the  
complex i ty  i n  composit ion, " c h a r a c t e r i z a t i o n "  i s  performed, meaning de te rm ina t ion  o f  t h e  
q u a n t i t a t i v e  d i s t r i b u t i o n  o f  compound types and t h e  f u n c t i o n a l  groups present .  Although 
i t  i s  p r a c t i c a l  t o  do so, t he  na tu re  o f  t h e  c h a r a c t e r i z a t i o n  work needs t o  be c a r e f u l l y  
examined i n  terms o f  purpose, t h e  m a t e r i a l  t o  be character ized,  and t h e  procedure. 

necessary i n fo rma t ion  f o r  f u r t h e r  process ing o f  pet ro leum o r  i t s  f r a c t i o n s .  
research, e l u c i d a t i o n  o f  t h e  chemical s t r u c t u r e  o f  t he  CDL p recu rso r  ( c o a l )  i s  of much 
i n t e r e s t .  Improvements i n  understanding o f  coal  s t r u c t u r e  i s  e s s e n t i a l  i n  dev i s ing  a 
b e t t e r  c h a r a c t e r i z a t i o n  scheme f o r  CDL, which i n  t u r n  w i l l  improve ou r  understanding of 
coal  s t r u c t u r e .  

The purpose o f  c h a r a c t e r i z a t i o n  i n  pet ro leum research has been ma in l y  t o  o b t a i n  
I n  coal 

A v a i l a b l e  i n f o r m a t i o n  on coal  and CDL (1-4)  was c a r e f u l l y  evaluated and inco rpo ra ted  
Coal was considered as a composite o f  po l ymer - l i ke  i n t o  a new c h a r a c t e r i z a t i o n  scheme. 

m a t e r i a l s .  
u n i t s  and l i nkages .  
depolymer izat ion process. 

rep resen t  t h e  coal under i n v e s t i g a t i o n ,  (2 )  t h e  degree o f  depolymer izat ion needs t o  be 
c a r e f u l l y  chosen, and ( 3 )  t h e  l i q u i d s  must be access ib le  by a n a l y t i c a l  means p o s s i b l y  
a t  t he  mo lecu la r  l e v e l .  
convers ion processes ( w i t h  a r e l a t i v e l y  h igh  degree o f  depo lymer i za t i on ) .  

chosen as a separat ion c r i t e r i o n  f o r  t h e  f r a c t i o n a t i o n  o f  CDL, and vacuum d i s t i l l a t i o n  

It may c o n s i s t  o f  numerous c o n s t i t u e n t s  hav ing d i f f e r e n t  types o f  s t r u c t u r a l  
Accord ing lv ,  t h e  l i q u e f a c t i o n  o f  coal  was assumed as b a s i c a l l y  a 

I n  Prepar ing CDL, t h e  f o l l o w i n g  has been taken i n t o  cons ide ra t i on :  ( 1 )  a CDL should 

Based upon these cons ide ra t i ons ,  CDL were prepared i n  h igh  

Consider ing t h e  na tu re  o f  t h e  depolymer izat ion process, t h e  mo lecu la r  s i z e  was 
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was employed. For non-d is t i l l ab le  CDL solvent  extract ion was used f o r  separation. 
Each fract ion from the separat ion was analyzed by elemental ana lys i s ,  molecular weight 
determination and NMR spectroscopy. This scheme i s  d i f f e r e n t  from others (5)  previously 
employed, espec ia l ly  in the preparation of CDL and the methods used f o r  the separations. 

Experimental 

A hvb coal (Clear Creek, Utah) was l iquefied in  a dry coiled-tube reac tor (6) .  
The  coal had 39.1% o f  v o l a t i l e  matter, and i t s  elemental composition ( w t .  percent) was: 
C ,  76.1; H ,  5.6; N ,  1 .4;  and 0 ,  17.9. Reaction conditions used in  the l iquefact ion 
process were: T = 500°C; P H ~  = 1800 p s i g ;  c a t a l y s t  = 5% ZnC12; and residence time, 
several  seconds. Product y ie lds  were: gases, 10%; l i g h t  l iqu id ,  5%; heavy l iquid,  ! 
55%; char, 15%; and H20, 15% (based on MAF coa l ) .  

f o r  more than 70% of  the condensed-phase products which included l i g h t  and heavy l iqu ids ,  
and char. The condensed-phase products were assumed to  retain the  ske le ta l  s t ructure  
of coal .  This assumption was supported by C13 NMR analysis  of s t a r t i n g  coal and l iqu id  
products ( 7 ) .  Thus  the heavy l iqu id  was examined fur ther  in the subsequent investiga- 
t ion.  Paraff inic  material in  the  l iqu id  was removed by solvent extract ion.  The l iquid 
material remaining a f t e r  t h i s  extract ion was designated as  HVL-P. HVL-P was d i s t i l l e d  
a t  temperatures below 260°C a t  a pressure of 3 Torr. 
three f rac t ions ,  Light, Middle and Heavy according t o  t h e i r  physical appearance with 
the non-d is t i l l ab le  f rac t ion  termed Resid. 
e ra ture ,  but a phase separat ion appeared between them. Heavy and Resid were so l ids .  

In another preparat ion of CDL's, the same coal was solubi l ized by reacting with 
sodium hydroxide and ethanol a t  300°C and 320°C f o r  100 minutes i n  an autoclave using a 
procedure similar t o  t h a t  of Makabe (8). The products were named SP-300 and SP-320, 
the former being from 300°C runs and the  l a t t e r  being from 32OoC runs. Each product 
was divided in to  four  f rac t ions .  Two of them (Fract ions I and J in  SP 300, and Fractions 
I '  and J '  in SP-320) were soluble  or  f l o a t i n g  in a strong basic so lu t ion ,  b u t  precipi- 
t a ted  i n  d i f f e r e n t  fashion upon neut ra l iza t ion .  of the products were extracted 
with pyridine a t  room temperature t o  obtain Fractions K and K '  (pyridine soluble)  and 
pyridine insoluble  port ions.  

Oxygen was determined separately.  
meter (Varian). 
determined by vapor phase osmoemtry using a Corona Model 117 apparatus (Wescan Instru- 
ments, Inc. ). 
ensure the cor rec t  determination of molecular weight ( 9 ) .  

Results a n d  Discussion 

The heavy l i q u i d  had a boi l ing range from 250°C t o  more than 500°C, and  accounted 

The d i s t i l l a t e  was divided into 

L i g h t  and Middle were f l u i d  a t  room temp- 

The  r e s t  

Elemental composition was determined with a Perkin-Elmer Model 240 Analyzer. 
NMR spectra  were obtained with an EM-390 spectro- 

Pyridine-Drj and CDC13 were used as solvent .  Molecular weights were 

The experimental procedure and conditions were carefu l ly  chosen t o  

Structural  parameters of average molecules i n  the CDL f rac t ions  were calculated from 
the elemental composition, molecular weight and proton NMR spectra .  
and formulae (10) a r e :  

Their def ini t ions 

Number of aromatic carbons 

Fraction of aromatic carbons (=aromatici ty)  
F 

LA f - -  A - C  
Total number of r ings 

2 C - H + 2  1 
2 - ? ' A  R =  

244 



Number of aromatic c lus te rs  
C A P = H  + l H  + - H  1 

A 2 2a 3 3a 
1 1 
3 AP - 7 ‘A) n = #cl = - ( C  

Number of aromatic rings 
1 RA = (CA - 2 n )  

Number of naphthenic rings 
R N = R - R A  ( 7 )  

Values of C and H were from the empirical formula of each f rac t ion .  
divided i n t o  four types based on NMR spectra:  H A ,  5 - 9 ppm; Hp, 2.2 - 5 ppm: H3a, 
2.0-2.2 ppm; Hg , 1 . l -2 .0  ppm; and tty, 0.3-1.1 ppm. 

of HVL-P f rac t ions .  All data a re  experimental values except f o r  those i n  parentheses. 
Values in parentheses were calculated from those of the four  f rac t ions .  
tha t  L i g h t ,  Middle and Heavy f rac t ions  are  a major portion of HVL-P. 

example, number of t o t a l  r ings ,  R ,  of HVL-P  i s  3 . 2 ,  b u t  i t  varies from 1 . 8  t o  5.6 i n  
i t s  f rac t ions .  The number of to ta l  rings decreased by 1.9 from Resid to  Heavy, 1 .4  
from Heavy t o  Middle, and 0.5 from Middle t o  Light. 
and molecular weight decreased i n  a s imi la r  fashion. 

These differences are  s o  large t h a t  the  f rac t ions  were grouped i n t o  three ,  A ,  B, 
and C ( L i g h t  and Middle, Heavy, and Resid respec t ive ly) .  
(#Cl) reveals  tha t  most molecules i n  the  f i r s t  two groups ( A  and B )  have one aromatic 
c l u s t e r ,  while about 30% of molecules i n  C have, on the ave rage ,  two c l u s t e r s .  
molecules in HVL-P have almost one aromatic c l u s t e r ,  indicat ing t h a t  HVL-P was essent-  
i a l  l y  completely depolymerized. 

tions. The s t ruc tures  i n  F i g .  1 contain the  appropriate  numbers of aromatic rings, 
aromatic c lus te rs  and naphthenic r ings.  
chains on the s t ruc tures  a re  qua l i ta t ive .  

I f  one assumes t h a t  the aromatic double bonds were ne i ther  produced nor broken 
during the l iquefact ion process ( in  the production of  HVL-P), the  components i n  Group C 
were not converted t o  subs tan t ia l ly  smaller molecules ( l i k e  A o r  B ) .  Also Group B 
molecules were n o t  converted t o  Group A. 
three groups were produced from three  d i f f e r e n t  s t ruc tura l  units of the  feed coal. 

conditions were unfavorable f o r  hydrogenation o r  dehydrogenation of  aromatic s t r u c t u r e  
in  coal :  most notably the residence time was too s h o r t ,  and ( 2 )  the  large differences 
in  molecular s i z e  among the three groups would have not resul ted from the conversion of 
a la rge  component group t o  a smaller one. Examination of the  so lubi l iza t ion  products, 
SP-300 and SP-320, provides fur ther  supporting information f o r  this assumption as well 
as o ther  in te res t ing  fea tures  of coal s t r u c t u r e .  

Table 2 contains y ie lds  and s t ruc tura l  parameters of the  so lubi l iza t ion  products. 
As expected from the experimental condi t ions,  the y i e l d s  and molecular s i z e  of the 
products a re  subs tan t ia l ly  la rger  than those o f  HVL-P. 
tu ra l  parameters of HVL-P and SP-300 reveals  a remarkable resemblance in an i m p o r t a n t  
s t ruc tura l  feature:  
both products. 
c l u s t e r  in  coal. 

Hydrogen (H) was 

Table 1 summarizes y ie lds  from the d i s t i l l a t i o n  along with s t ruc tura l  parameters 

T h e  y i e l d s  show 

For Structural  parameters change s i g n i f i c a n t l y  from one f rac t ion  t o  another. 

The number of aromatic r ings,  RA,  

The number of aromatic c l u s t e r s  

Overal l ,  

Structural  parameters were used t o  sketch possible  s t ruc tures  of the four  f rac-  

The presence of funct ional  groups o r  s i d e  

T h i s  non-convert ibi l i ty  ind ica tes  tha t  t h e  

The assumption was drawn from the following consideration: ( 1 )  the l iquefac t ion  

Yet comparison of t h e  s t ruc-  

the  average aromatic c l u s t e r  s i z e s ,  RA/#cl, a r e  the same, 2 . 2 ,  i n  
This agreement can be re la ted  t o  approximate s i z e  of the average aromatic 
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Considering t h a t  15% of t h e  char y i e l d  and 5% of the l i g h t  l iqu id  y ie ld  i n  pro- 
ducing HVL-P, the  average aromatic c l u s t e r  s i z e  of the condensed-phase products 
(HVL-P, l i g h t  l iqu id  and char ) ,  which a re  supposed t o  r e t a i n  the ske le ta l  s t ruc ture  of 
coal ,  i s  expected t o  be la rger  than 2.2. On the  other  hand, SP-300 represents more 
than 97% of coal matr ix  (pyridine insoluble  <2% of c o a l ) ,  but  i t s  average aromatic 
c l u s t e r  s ize  i s  supposed t o  have been reduced somewhat due to  the nature o f  the reaction 
among coal, NaOH and ethanol .  According t o  Makabe and Ouchi (8), the  reaction s l i g h t l y  
hydrogenates aromatic rings i n  coal under our experimental conditions. In any event, 
our observations on two separately prepared CDL's indicate  t h a t  the s i z e  of the average 
aromatic c l u s t e r  of t h e  hvb coal i s  l a rger  than 2 .2 ,  but not much d i f fe ren t  from 2 .2 .  

The agreement i n  RA/#c~ between HVL-P and SP-300 suggest tha t  large aromatic 
c l u s t e r s  l i k e  those (RA/#cl = 3.4) in Resid of  HVL-P should e x i s t  i n  SP-300, i . e .  
most probably i n  Fract ion K. Comparison of the s t ruc tura l  parameters of SP-300 w i t h  
those of SP-320 helps c l a r i f y  t h i s  point. The large difference i n  RA/#cl between 
SP-300 and SP-320 i s  d i r e c t l y  re la ted t o  the  question of the  large aromatic c lus te rs .  

The difference i n  R A / # c ~  i s  due t o  the conversion of Fraction K t o  a portion o f  
Fraction J '  and Fraction K '  as revealed by their RA/#c~ ' s  and y ie lds .  
s ists  of two large port ions,  one coming from Fraction J and the other  from Fraction K .  
S t i l l  Fractions J '  and J behaved s imi la r ly  in  a s t rong basic  solut ion as described i n  
t h e i r  preparation, and they have s imi la r  RA/#c~ and molecular weight (based on an 
estimation of a separate  conversion of J t o  a portion of J'). 
there  was a portion o f  K which was s imi la r  t o  Fraction J in  chemical s t ruc ture ,  and 
which was d i f f e r e n t  from the rest of K: the  two port ions a r e  termed Fractions KJ and 
K K  respectively. T h u s  i t  i s  most l i k e l y  t h a t  J and KJ experienced a s imi la r  t ransfor-  
mation t o  become par t  of J ' .  
chanqed, and so' was no t  t h a t  of KJ.  between SP-300 
and SP-320 is due t o  a large change o f  the same parameter between K K  and K ' .  
R A / # c ~  of K K  was la rge ,  b u t  i t  reduced t o  t h a t  of K '  upon the  hydrogenation of NaOH/ 
ethanol reaction. 

Model compound s t u d i e s  by Ross and Blessing (11) support this in te rpre ta t ion ,  They 
observed t h a t  c l u s t e r s  consis t ing of s i n g l e  aromatic r ing were not hydrogenated in a 
react ion with KOH/methanol a t  400°C f o r  30 minutes, but a c l u s t e r  containing three fused 
aromatic r ings underwent hydrogenation. Estimation o f  RA/#c~ of K K  came out t o  be 3.4, 
which is the same as  t h a t  of Resid in HVL-P. The large decrease i n  R A / # c ~ ,  from 3 . 4  
( f o r  K K )  t o  1.4 ( f o r  K ' )  upon hydrogenation suggests t h a t  the aromatic rings i n  the 
c l u s t e r s  of K K  were mostly cata-condensed. T h u s  considerable amounts of polynuclear 
aromatic c l u s t e r s  were observed in HVL-P and SP-300 which were supposed t o  re ta in most 
of ske le ta l  s t r u c t u r e  of the hvb coal. 

Fraction J '  con- 

This indicates  tha t  

In the conversion t o  J ' ,  apparently RA/#c~ o f  J was not 
Then the  large change o f  R A / # c ~  

Recently Whiteh'urst ( 1 2 )  and Farcasiu (13) reported t h a t  there i s  no s ign i f icant  
amount of large aromatic c l u s t e r s  i n  coa l ,  Their coals and experimental method were 
d i f fe ren t  from ours ,  b u t  most notably t h e i r  determination of  the s i z e  of aromatic 
c l u s t e r s  was semi-quant i ta t ive (13) .  Although their conclusion m i g h t  hold with the 
par t icu lar  coals  they examined, our  f indings support the conventional view tha t  most 
bituminous coals  contain considerable amounts of polynuclear aromatic c l u s t e r s .  

These observations lead t o  the conclusion tha t  there  were or ig ina l ly  three classes  
of average aromatic c l u s t e r s  i n  terms of  t h e i r  s i z e  i n  the hvb coal. Two of them have, 
on the average, 1.9 and 1.3 aromatic rings per c l u s t e r ,  and they were col lected i n  
Fractions I '  and J ' .  
per c l u s t e r ,  and was co l lec ted  i n  Fraction K mixed with the precursor of J ' .  
average s ize  of the t h i r d  c lass  of c l u s t e r s  i s  expected t o  be la rger  t h a n  3.4 since 
hydrogenation o f  the aromatic c lus te rs  i s  suspected as discussed previously. 
we wi l l  examine how these  three  classes  of aromatic c l u s t e r s  would be fur ther  depolymer- 
i zed. 

i . e .  t h a t  the aromatic double bonds experienced l i t t l e  change, i f  any, i n  the  liquefaction 

The t h i r d  class  has, on the average, 3.4 o r  more aromatic rings 
The 

NOW 

The f indings w i t h  SP-300 and SP-320 subs tan t ia te  the  assumption made e a r l i e r ,  

246 



process i n  producing HVL-P. 
c lus te rs  in  the coal were broken almost completely. 
conditions in  producing SP-300 and the same R A / # c ~  of HVL-P and SP-300, f u r t h e r  t r e a t -  
ment of SP-300 i n  the  l iquefact ion process would r e s u l t  i n  a complete depolymerization 
of SP-300 yielding a product s imi la r  t o  HVL-P .  
bonds linking aromatic c lus te rs  in SP-300 as revealed by #cl .  

The comparison of s t r u c t u r a l  parameters whichare shown i n  Tables 1 and 2 provides 
detai led information on the conversion of SP-300 t o  completely depolymerized product. 
The three f rac t ions  of SP-300, however, were insuf f ic ien t ly  depolymerized t o  draw 
useful information f r o m t h e i r s t r u c t u r a l  parameters. Instead the s t ruc tura l  parameters 
of Fractions I '  and J '  were examined s ince  Fractions I ,  J and KJ were converted t o  
Fractions I '  and J ' .  The numbers of aromatic r ings ,  R A ' s ,  of I '  and J '  a r e  already 
smaller than t h a t  of Resid i n  HVL-P. T h u s  upon fur ther  depolymerization, Fractions 
I '  and J '  could become L i g h t ,  Middle o r  Heavy such as those i n  HVL-P .  According t o  
RA and # c l ,  80% of J '  wi l l  become L i g h t  o r  s imi la r  f rac t ion  i n  HVL-P ( t h e  predicted 
value i s  17% of MAF coal ,  compared t o  15% of Light plus l i g h t  l i q u i d ) .  The r e s t  of 
J '  wi l l  become Heavy. 
predicted value i s  21%, compared t o  17% of actual y i e l d ) .  
Reside. Also the r e s t  of SP-300, Fraction K K ,  could become Resid/Char s ince  both K K  
and Resid have the same RA/#c~ ( the  predicted value came out t o  be the same as  the  
actual y i e l d ,  35%). 
loss, 5%, i n  preparing HVL-P, the  predict ions agree well with the  actual y ie lds .  

t h a t  the  ske le ta l  s t ruc tures  ( o r  aromatic bonds) of coal were conserved during the  
l iquefact ion process as well as during the  so lubi l iza t ion  process a t  30OoC. Therefore 
the component groups A ,  B and C in HVL-P can be visual ized as s t ruc tura l  u n i t s  of the 
coal .  Almost a l l  s t ruc tura l  units were col lected i n  SP-300 and they were grouped i n t o  
three (Figure 2 ) .  
r ings,  and they a r e  connected t o  each o ther  by non-aromatic bonds. 
revealed t h a t  the linkages e x i s t ,  t h e i r  nature has not been s tudied y e t .  T h e  s t ruc-  
tu ra l  units i n  the  second group, Y ,  have two t o  three aromatic rings, and the  t h i r d  
group cons is t s  of s t ruc tura l  units having, on  the  average, four o r  more aromatic r ings.  
T h u s ,  the  par t icu lar  hvb coal has been character ized in  terms of major s t r u c t u r a l  un i t s  
and t h e i r  d i s t r ibu t ion .  The same data analyzed so f a r  provide valuable information 
a l s o  on the reduction of molecular s i z e  during the l iquefact ion,  weak bonds, and the 
hydrogenation of aromatic c lus te rs  in coal ,  and this  wil l  be reported elsewhere. 

Conclusion 

A new character izat ion scheme f o r  CDL has been devised based on t h e  assumption 
t h a t  coal l iquefact ion is bas ica l ly  a depolymerization process. This scheme was ins t ru-  
mental i n  disclosing the following s t r u c t u r a l  fea tures  of a hvb coal and i t s  l iqu ids :  

( 1 )  A CDL ( H V L - P ) ,  produced a t  500°C w i t h  very shor t  residence time, was almost 
completely depolymerized, i . e . ,  e s s e n t i a l l y  a l l  linkages between aromatic 
c lus te rs  were broken, and consisted of th ree  major component groups, A ,  B 
and C.  
Group B two t n  three fused aromatic rings and those i n  Group C four  or more 
fused aromatic r ings.  
naphthenic rings and a l i p h a t i c  side chains. 
a r e  not convert ible  t o  each other  under the l iquefact ion conditions used, and 
therefore ,  must have been produced from three d i f f e r e n t  s t ruc tura l  un i t s  in  coal. 

A so lubi l iza t ion  product (SP-300), obtained in  a reaction with NaOH/ethanol 
a t  300"C, revealed t h a t  i t  was l e s s  depolymerized t h a n  HVL-P,  but the  size 
of average aromatic c l u s t e r  was the same, 2.2 aromatic r ings per c l u s t e r ,  as 
t h a t  of HVL-P. 
having 1.3, 1.9 and 3.4 aromatic r ings per c l u s t e r .  The d is t r ibu t ion  of the 
c lus te rs  was found by examining another so lubi l iza t ion  product (SP-320) 

In the process, non-aromatic bonds between aromatic 
Considering the milder react ion 

There a r e  a couple of non-aromatic 

Likewise, 70% of Fraction I '  wi l l  become Middle/Heavy ( the  
The r e s t  of I '  wi l l  become 

Taking account o f  the  paraf f in ic  material removed, 4%, and t h e  

The quant i ta t ive  conver t ib i l i ty  of SP-300 t o  HVL-P f rac t ions  f u r t h e r  subs tan t ia tes  

The s t ruc tura l  units i n  the  f i r s t  group, X ,  have one t o  two aromatic 
Although our data  

The components in  Group A had mostly one aromatic r ing ,  those i n  

The fused aromatic rings have attachments such as  
The three proups apparently 

( 2 )  

SP-300 consisted of t h r e e  c lasses  of average aromatic c l u s t e r s  
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prepared a t  32OOC. 
cata-condensed. 

The c l u s t e r s  containing 1 . 3  and 1.9 aromatic rings per c l u s t e r  a r e  convertible 
t o  smaller  species  l i k e  Groups A and B i n  HVL-P ,  while the la rger  c lus te rs  of 
3.4 aromatic r ings will become Group C i n  HVL-P. 

( 4 )  The three  groups of HVL-P were ident i f ied  as the three major s t ruc tura l  uni ts  
of  coal ,  and t h e i r  d i s t r ibu t ion  in  the h v b  coal was estimated from the 
examination of SP-300 and SP-320 

The aromatic r ings of the large c l u s t e r s  appear t o  be 

(3)  

These f indings a r e  unique t o  the character izat ion scheme for C D L .  The resu l t s  o f  

Taking i n t o  account the heterogeniety of coal 
this character izat ion of coal could be re la ted  t o  product potent ia l  i n  l iquefact ion,  
solvent  ref ining and pyrolysis  of coal. 
and i t s  i n a c c e s s i b i l i t y  by ana ly t ica l  means, the present approach appears t o  be a 
p r a c t i c a l ,  useful way t o  character ize  the chemical s t ruc ture  of coal. 
w i l l  be u t i l i zed  w i t h  other  coals  which can be solubi l ized t o  fur ther  substant ia te  t h i s  
method. 
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TABLE 1 
Analytical Data on HVL-P  and I t s  Fractions 

RA RN #cl f a  Yield, W t %  Mol. W t .  

HVL-P 100 258 2.4 0.8 1.1 0.63 
(92.5)* (268) (2.4) (0.9) (1.1) (0.60) 

Light 19.2 183 1.2 0.6 1 .0  0.55 

Middle 15.7 210 1.6 0.7 1.1 0.58 

Heavy 17.6 272 2.4 1 . 3  1.0 0.59 

Resid 40.0 396 4.4 1.2 1.3 0.68 

*Calculated from those of the four  f r ac t ions .  

TABLE 2 
Structural  Parameters of the Solubi l izat ion Products 

Yield* Mol. W t .  RA R N  #Cl fA R A / # C l  

SP-300** 85.7 a43 5.6 3.9 2.6 0.52 2.2 

Fraction I 23.9 777 5.0 3.3 2.7 0.52 1.9 

J 9.1 643 3.4 3.4 2.5 0.53 1.4 

K 52.7 930 6.6 4.4 2.6 0.51 2.5 

SP-32D** 76.5 520 3.2 2.4 2.1 0.52 1.5 

478 3.2 2.3 1.7 0.55 1.9 

J '  23.8 444 2.4 2.0 1.8 0.50 1.3 

K '  26.1 690 4.4 3.1 3.1 0.52 1.4 

Fraction I '  26.6 

*Weight % of coal (MAF) 

**The parameters were calculated from the th ree  f r ac t ions .  
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